ABSTRACT Rice is one of the major exposure pathways of arsenic (As) in the human 
pathway via human ingestion (EFSA, 2009; Halder et al., 2012; Qu et al., 2015) .
48
There are two main pathways for As uptake in rice (Zhao et al., 2013a) . Firstly, arsenate is a chemical analogue of phosphate, and arsenate can be assimilated in the 50 rice root via the phosphate transporter protein system (Chen et al., 2013; Wu et al., 51 2015) . Secondly, arsenite is a silicic acid analogue, and therefore it can be taken up by 52 roots through the silicic acid transport system (Ma et al., 2008; Chen et al., 2012) .
53
Studies have also indicated that the addition of Si markedly decreased uptake and 54 shoot As accumulation in rice (Guo et al., 2007; Wu et al., 2015) . Furthermore, 55 Seyfferth and Fendorf (2012) discovered that the addition of Si in soil pore-water 56 significantly decreased As concentrations in rice grains. In addition, MMA also shares 57 the same silicic transportation pathway and it is reported that Si can promote As 58 methylation and hence affect the concentration and species of As in rice grain. This 59 has been observed to reduce iAs concentrations by 59% whilst increasing DMA 60 concentrations by 33% (Li et al., 2009 ). In addition, it has been reported that Si 61 application reduced As concentrations in straw, flag, leaf and husk by half, with 62 arsenite concentrations in brown and polished rice reduced by 22% and 33% 63 respectively (Fleck et al., 2013) . It has also been demonstrated the Si application 64 strongly reduced the concentration of iAs, mainly arsenite, whilst increasing the 65 concentration of DMA in both vegetative and reproductive tissues of rice (Liu et al., 66 2014). Nanoscale silica sol foliar application may also alleviate toxicity and 67 accumulation of As in rice grains due to strengthening of their antioxidant defense 68 capacity (Liu et al., 2014) .
69
The oxygenation of plant roots by radial oxygen loss ROL (Colmer, 2003) dithiomite (Na2S2O4). After incubation, roots were rinsed three times with deionized 137 water and the washings were added to the DCB extract. Deionized water was then 
Plant analysis for total As

145
Plant samples were harvested at maturity and washed carefully using deionized 146 water and divided into root, straw, husk and grain. Straw from below the irrigation 147 water was removed to avoid contamination. Half the roots, straw and grains were 148 oven-dried at 70℃ to a constant weight, while the other half was freeze dried for As 149 speciation determination. Grains and husks were further divided, ground using a 150 pestle and mortar, and stored at -20℃ prior to analysis.
151
After dry weight determination, samples were ground using a mechanical mill,
152
and 0.5g sample was weighed into a conical flask (100ml) with 5ml concentrated 
Plant analysis for As speciation
163
For determination of As species in grain, samples were ground under liquid N2 to 164 ensure stabilization of As species (Zhu et al., 2008b) . Milled grain samples (1.0 g) were added to centrifuge tubes (50 ml), and 20 ml HNO3 (1%) was added and heated
166
to 95℃ for 1.5 h. After the samples had cooled to room temperature, the extracting 167 solution was centrifuged at 5000r/min for 10 min and the supernatant filtered (0 In control treatments, As concentrations in Fe plaque were below the detection 
The effect of Si on total As in rice plants
222
Total As concentrations in rice plants cultivated in control treatments were below the 223 detection limit (Table 3 ). There were significant genotypic effects on root As Genotypes had no significant effect on straw As concentrations in rice plants
232
(p>0.05) (Figure 3b ). Genotypes XWX-17 and XWX-12 grown in Si40 treatment 233 however differed significantly in husk total As concentrations (p<0.01) (Figure 3c ).
234
Genotypes had a significant effect on total grain As concentrations (p<0.001)
235
( Figure 3d ). In Si0 treatment, As concentrations in grains ranked as follows, XWX-12
236
< XWX-17 < TY-207 < XFY-9. A significant effect on reducing grain As 237 concentrations in XWX-17 grown in Si10, Si20 and Si40 treatments was also 238 observed compared to Si0 treatment ( Figure 3d ).
240
The effects of Si on As species
241
The predominant As species in rice grain were As (III) and DMA; DMA 
244
The Si40 treatment decreased total grain As of XWX-12 by 20% compared to Si0 hydroponic and soil pot experiments respectively (Guo et al., 2007; Fleck et al., 2013) .
303
In addition, while As(V) has similar physicochemical properties with phosphate and 
Effect of Si on As speciation in rice grain
315
Previous investigations have demonstrated that iAs and DMA were the 316 predominant As species in rice grain (Zavala et al., 2008; Zhu et al., 2008a) , which are 317 consistent with the results of the present study (Figure 4 ). Not only did the addition of
318
Si reduce total As concentrations in XFY-9 and XWX-12, but it reduced iAs by 16 and 20% respectively (Table 4) 
